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The growth and photosynthetic characteristics of cherry tomato seedlings were investigated under 
seven light irradiations such as dysprosium lamps (white light; control, C), red light emitting diodes 
(LEDs) (R), blue LEDs (B), orange LEDs (O), green LEDs (G), red and blue LEDs (RB) and red, blue and 




) for 30 
days. Morphological appearances of seedlings were significantly different between light treatments, 
that is, the plants under RB and RBG were shorter and stronger than those under C, while those under 
O, G and R were higher and weaker. The higher carbohydrate contents were in plants containing blue 
treatment, B, RB and RBG. Photosynthetic pigments were shown to have significant difference under 
respective light irradiations of LEDs. The higher photosynthetic pigments were in leaves of seedlings 
containing blue light treatment, RBG, RB, B, C and G treatments, the lower the pigments were in those 
with R and O treatments. Net photosynthesis (Pn) was the highest in leaves of seedlings with RB and 
RBG and the lowest in those with G. Compared with C treatment, light compensation point and light 
saturation point of seedlings with R, RB and RBG increased, but those with O and G decreased. 
Electron transport rate (ETR), quantum efficiency of photosystem II photochemistry (ΦPSII), 
photochemical quenching (qP) and efficiency of excitation energy capture by open PSII reaction centres 
(Fv′/Fm′) in seedlings with B, RB and RBG treatments were significantly greater than those of the other 
treatments. Taken together, RB and RBG of LEDs were shown to be beneficial factors for the growth 
and photosynthesis in cherry tomato seedlings. 
 





Plant development and physiology are strongly influen-
ced by the light spectrum of the growth environment. 
Light quality regulates a variety of plant development 
pathways from germination to flower induction and fruit 
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Abbreviations: LED s, Light emitting diodes; R, redLEDs; B, 
blue LEDs; O, orange LEDs; G, green LEDs; RB,  red and blue 
LEDs; RBG, red, blue and green LEDs; Pn, net photosynthesis; 
ETR, electron transport rate; ΦPSII, quantum efficiency of 
photosystem II photochemistry; Qp, photochemical quenching. 
translates the complex set of light quality signals into 
biochemical signals, by means of a discrete number of 
photoreceptors, such as the ultraviolet (UV)-A/blue light 
receptors, the cryptochrome and phototropin families, 
and the red/far red light receptors, the phytochrome 
family (Banerjee and Batschauer, 2005). In addition, 
phytochrome has also been found to mediate various 
blue light responses (Lin, 2000). Although, the involve-
ment of photoreceptors has been demonstrated for a 
wide range of spectrum-dependent plant responses, the 
underlying mechanisms of the effect of different growth 
spectra on plant development are not known in detail 
(Hogewening et al., 2010).  
It is often cloudy and/or rainy for a  long  time  in  winter  
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Figure 1. Spectral distribution of respective light treatments (C, dysprosium lamp; R, red LEDs; B, blue 
LEDs; O, orange LEDs; G, green LEDs). Spectral distribution of RB (red and blue LEDs) is a combination of 




and early spring in southern provinces of China. These 
climates have a serious influence on the growth of plants, 
especially the production of crops in greenhouses. There-
fore, plants in such greenhouses need to be irradiated 
using fluorescent lamps, high pressure sodium lamps, 
metal halide lamps and dysprosium lamps as a source of 
supplemental light. However, these lamps have short-
comings such as emitting a lot of heat and causing low 
efficiency of photosynthesis. 
Light-emitting diode (LED) is the new fourth-generation 
light source with good spectral characteristics and 
spectral width (wavelength) of emission peak ± 15 nm, 
and can be assembled as light quality which plants need 
(Goins et al., 1997). Moreover, LED has the advantages 
such as low energy consumption and a light source with 
the radiation of less heat. Therefore, LED will be widely 
used as a new type of good light source to be effective 
for the propagation and growth of plants. Numerous 
studies have shown the effects of LEDs on plants such 
as elongation, axillary shoot formation, leaf anatomy, and 
rhizogenesis (Tennessen et al., 1994; Tanaka et al., 
1998; Wu et al., 2008; Miyamoto et al., 2006; Kim et al., 
2004a). Although many researches suggested that light 
quality regulated growth, photosynthesis, metabolism and 
gene expression (Neff et al., 2000; Yu and Ong, 2003; 
Wang et al., 2009), many researches about light quality 
were carried out with irradiation of red and blue light 
(Goins et al., 1997; Hogewoning et al., 2010) and few 
studies were carried out about effects of orange, green 
and other light. Many questions about the effects of light 
quality on high plants were still not understood (Wang et 
al., 2009). Moreover, spectral light changes evoke 
different morphogenetic and photosynthetic responses 
that can vary among different plant species (Wang et al., 
2009).  
Cherry tomato (Solanum esculentum var. cerasiforme) 
plants are one of the cultivars of tomato species and 
annual plants which prefer high light. The fruits of cherry 
tomato plants have pleasing appearances and a delicious 
taste, and are well accepted by consumers. The 
photosynthesis and growth of the tomato plants are 
greatly influenced by the quality and intensity of light 
(Kinet, 1977; Hiroshi et al., 2000). Few studies about 
effects of different LED light on cherry tomato have been 
carried out. 
 The objective of this study was to examine how LED 
light quality affects plant photosynthesis and growth, and 
to find a suitable light source for culturing cherry 
tomatoes. Morphological characters, photosynthesis 
parameters, chlorophyll fluorescence and carbohydrate 
metabolites have been determined on cherry tomato 
plants after exposure to different LED light.  
 
 
MATERIALS AND METHODS 
 
Plant materials and culture condition 
 
Seedlings of cherry tomato (S. esculentum var. cerasiforme) 
(provided by Taiwan farmers Co.), which developed two leaves after 
germination were transplanted and grown in plastic pots containing 
a mixture of peat and vermiculite (3:1, v/v) under light treatments. 
Each treatment contained 20 seedlings. The treatments were 
provided by a dysprosium lamp (white light, control; C) (LZ400D/H, 
400W, YaHuaNing Co., Nanjing, China) and LEDs designated as 
red (R), blue (B), orange (O), green (G), red and blue (RB) and red, 
blue and green (RBG). The RB combination of spectral energy 
distribution was shown to be R:B = 1:1. The RBG combination of 
spectral energy distribution were shown to be R:B:G = 3:3:1. 
Spectral distribution of light treatments is shown in Figure 1. Except 
for the power of green lamp in RBG treatment, which was  3 W,  the  




















































































































































C, Dysprosium lamp; R, red LEDs; B, blue LEDs; O, orange LEDs; G, green LEDs; RB, red  blue LEDs; RBG, red, blue and green LEDs; SLA, specific 




power of every LED lamp treatment was 9 W. The number of lamp 
in treatments of R, B and RB was 9 each, while the number of lamp 
used in treatments O, G and RBG was 12. Respective LEDs were 
operated with the same photosynthetic photon flux density (PPFD) 




) for 30 days. Spectral distribution and total 
power for each treatment are as shown in Figure 1. Seedlings were 
incubated at 28°C during daytime and 18°C at night, relative 
humidity (RH) was 60 ~ 80%, and a day length of 12 h was used. 




Morphological and physiological analyses 
 
Morphological and physiological analyses were carried out using 
seedlings after light irradiation for 30 days. Response curves of 
photosynthetic photon flux density (PPFD) were made out using a 
photosynthesis instrument (LI-6400, LI-COR, USA). PPFD was set 




 for the 
purpose of the measurement of net photosynthesis (Pn), stomatal 
conductance (Gs) and intercellular CO2 concentration (Ci) (which 





meters of each sample were measured every 3 min. Photosynthetic 
pigments was extracted by 80% cold acetone (v/v) and determined 
as described (Arnon, 1949). Chlorophyll (Chl) fluorescence was 
measured with a fluorometer (PAM2100, WALZ, Germany). Leaves 
were dark-adapted for approximately 20 min prior to measurements 
of the effective quantum yield of photochemical energy conversion 
(ΦPSII), electron transport rate (ETR), photochemical (qP), non-
photochemical (qN) quenching, maximal photochemical efficiency 
of PSII (Fv/Fm) and the efficiency of excitation energy capture by 
open PSII reaction centres (Fv′/Fm′) of Chl fluorescence. 
Measurements were obtained over a range of photosynthetically 





calculated according to the method described previously (Van and 
Snel, 1990). Chlorophyll florescence parameters of each sample 
were measured every 6 min. Healthy index of seedlings were 
calculated according to the following formula:  
 




Measurements of carbohydrate content 
 
Freeze-dried leaves, stems, and roots were used for the 
determination of carbohydrate content. It was extracted in 25 ml 
80% ethanol (v/v) for overnight, and the supernatants were 
analyzed for the sucrose contents and total soluble sugars. The 
pellets were boiled for 3 h in 10 ml 2% HCl (v/v) and then the 
supernatants were collected for the assay of starch content. The 
contents of total soluble sugar, sucrose, and starch, were 





Data were analyzed using a multifactor analysis of variance. 
Differences among means were calculated using the LSD (least 
significant difference) range test with a family wise error rate of 0.05 
by using the statistical analysis software SAS8.0. The variables 





Morphological analyses  
 
Light irradiations with LEDs had significant effects on 
morphological appearances of cherry tomato seedlings 
(Table 1 and Figure 2). Compared with C treatment, the 
plants of R, O and G treatment were significantly weaker 
and higher, while the plants of B, RB and RBG treatments 
were stronger and lower. Stem diameter did not show 
significant differences among all light treatments. Leaf 
area of plants irradiated with C was significantly larger 
than those under the other LEDs and there was shown to 
be no significant difference among those under the 
irradiations of the other LEDs. Dry weight and fresh 
weight of the plants with B were significantly higher than 
that with respective irradiations of the R, O, G LED and 
that with RB, and RBG followed. The content of water in 
plants had no significant difference among all light 
treatments. Specific leaf area (SLA) under O and G treat-
ments was greater than that under the other respective 
irradiations of LEDs, while that of RB treatment showed 
the lowest SLA. Root numbers of B, RB and RBG 
treatments were significantly higher as compared to the 
root numbers of R, O and G treatments, and root growth 
under R and O was especially inferior to that under the 
other irradiations of LEDs (Figure 2). Taken together, the 
appearances of tomato seedlings grown under respective 
seven light treatments are as shown in Figure 2. 
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Figure 2. Effects of LED light irradiation on the growth of cherry tomato plants (C, 




Functional factors of photosynthesis 
 
Contents of photosynthetic pigments 
 
The contents of Chl and carotenoid in leaves of plants 
under different irradiations of LEDs were shown to have 
no significant differences (Table 2). Compared with C 
treatment, the contents of Chla, Chlb, Chl(a+b) and 
carotenoids in leaves of plants with RBG showed a 
tendency to be barely higher than those with the other 
irradiations of LEDs. The contents in the leaves of R and 
O treatments were shown to be lower. Chla/b showed a 
tendency to have significant difference in order of the light 
irradiations of RB, R, G, B, C, RBG and O. Leaf color of 
the plants grown under the irradiations of C, B, RB and 
RBG was dark green, while that grown under the 
irradiations of R, O and G was yellowish-green. The veins 
of the leaves under the irradiations of B, RB and RBG 





The Pn of leaves with the irradiations of R, B, RB and 
RBG was enhanced significantly, while that of O and G 
was suppressed as compared to that of C (Figure 4a). 
The enhancement under the irradiations of RB and RBG 
was greater than that under R and B. The light saturation 
point (LSP) under the irradiation of G showed the lowest 




), while that under RB and 










(Figure 4a). The light compensation point (LCP) was 
shown to depend on the light quality of LEDs (Figure 4b). 
The LCP of leaves with the irradiations of RBG and RB 




) and that with R 




, respectively. On 
the other hand, the LCP with O and G was shown to be 




 (Figure 4b). The apparent quantum 
yield efficiency (AQY) was shown to have differences 
among the light irradiations of LEDs, that is, AQY values 
were shown to be great in order of B, RBG, RB, C, R, O 
and G (Figure 4b). 
Gs-PPFD curves were completely similar to 
transpiration rate (Tr)-PPFD curves (Tr-PPFD curves not 
shown). Gs was high under the light irradiations of RB 
and RBG, when compared to that under the other light 
irradiations of LEDs (Figure 4c). The Gs values under the 
irradiations of RB and RBG increased in proportion to the 
intensity of PPFD, while the value under C decreased 
slightly in proportion to the intensity of PPFD. The Gs 
values under the other light irradiations of LEDs showed 
little change in proportion to the intensity of PPFD, but Gs 
under R increased slowly in proportion to the  intensity  of  




Table 2. Effects of the LED light irradiation on photosynthetic pigments in leaves of cherry tomato plants.  
 























































































C, Dysprosium lamp; R, red LEDs; B, blue LEDs; O, orange LEDs; G, green LEDs; RB, red and blue LEDs; RBG, red, blue and green LEDs. 




RBG RB G O B R  C 
 
 
Figure 3. Effects of LED light irradiations on leaf appearances of cherry tomato plants (C, dysprosium lamp; R, red LEDs; B, blue 




PPFD. Gs under G showed the lowest regardless of the 
intensity of PPFD. Pn and Gs showed positive correlation 
under RB, RBG and R, and their correlation coefficients 
were 0.921, 0.837 and 0.502, respectively. However, the 
relations showed negative correlation among the irradia-
tions of C, G, B and O, and the correlation coefficients 
were 0.713, 0.477, 0.283 and 0.277, respectively.  




 of PPFD and then 
increased gradually (Figure 4d). Ci under RB showed 





compared to that of the other light irradiations of LEDs.  
 
 
Carbohydrate content in organ of cherry tomato 
plants 
 
As shown in Table 3, compared with C treatment, soluble 
sugar contents in leave of the B, G and RBG treatments 
significantly increased, and there was no significant 
difference between O, RB, R and C treatments. Sucrose 
content in leaves of the G treatment was significantly 
greater than that of the R, B, RB and RBG treatments, 
and sucrose content in leaves of the RB treatment was 
significantly less than that of other treatments. The starch 
content in leaves had no significant difference under light 
treatments.  
Soluble sugar content in the stem of the B treatment 
was the greatest, followed by RB treatment. Compared 
with the C treatment, soluble sugar contents of B, O, G, 
RB and RBG treatments were significantly improved, 
while there were no effects under R. Sucrose contents in 
stem of the R, O and G treatment were more than that of 
other treatments, while there were less under RB, RBG 
and B. Starch contents in the stem of the B, RB and RBG 
treatments were more than that of the R, G and C 
treatments. 
Soluble sugar content in root of the RB treatment was 
significantly more than that of other treatments, followed 
by B treatment. Soluble sugar contents in root of the R 
and O treatments were less than that of other treatments. 
Sucrose contents in root of the O treatment was 
significantly more than that of other treatments, while 
there were less under G and RBG treatments. Starch 
content in root of the O treatment was more than that of 
other treatments. Starch content in root of the R, B, RB 
and RBG treatments did not show  significant  differences 




     
 


















































































































































Figure 4. Effects of LED light irradiation on photosynthetic functions; a) response curve of photosynthesis (Pn), b) light compensation 
point and apparent quantum efficiency, the trend lines and coefficient R
2
















=0.9521, c) response curve of stomatal conductance (Gs), d) Response 









The results regarding the effects of the irradiations of 
LEDs on the impact of the chlorophyll fluorescence of 
cherry tomato seedlings are shown in Table 4. ETR and 
ΦPSII under the irradiations of B, RB and RBG were 
higher than those under C, while those under R, O and G 
were lower than those under C. Moreover, qP showed no 
significant difference among respective irradiations of C, 
B, RB and RBG, while qP under G was significantly less 
than that of C, B, RB and RBG. qN under R was 
significantly greater than that under the other LEDs, and 
that under RB was significantly less than the other LED 
irradiations. qN under the other LED irradiations, except 
for R and RB, had no significant difference. The Fv/Fm 
under R was significantly less than that under the other 
LEDs, and the Fv/Fm under the respective irradiations of 
C, B, G, RB and RBG had no significant differences, that 
is, they were shown to be similar values. Compared with 
C treatment, Fv′/Fm′ under B, RB and RBG treatments 
were increased, and reduced under R and O, while there 





Plants are well known to perceive the subtle changes of 
light quality by photoreceptors. These photoreceptors 
stimulate signal transduction systems by various ways to 
change photomorphology of plants (Ward et al., 2005). 
Our results show that plants grown under such mono-
chromatic lights as orange, red, and green light, 
compared with the control,  show  a  reduction  in  growth, 
but under blue, red and blue, red and blue and green 
light, show promotion both in growth and assimilation rate 




Table 3. Effects of the LED light irradiation on content of photosynthate in organ of cherry tomato plants. 
 
Organ of plant Light treatment Soluble sugar content (mg.g
-1
) Sucrose content (mg.g
-1




























































































































































C, Dysprosium lamp; R, red LEDs; B, blue LEDs; O, orange LEDs; G, green LEDs; RB, red and blue LEDs; RBG, red, blue and green LEDs. 
Different letters indicate significant differences at P<0.05 (n=3). 
 
 
Table 4. Effects of LED light irradiation on the impact of chlorophyll fluorescence of cherry tomato plants. 
 





























































































ETR: Electron transport rate; ΦPSII, quantum efficiency of photosystem II photochemistry; qP, photochemical quenching; qN, non-
photochemical quenching; Fv/Fm, maximal efficiency of Photosystem II; Fv′/Fm′, efficiency of excitation energy capture by open PSII 
reaction centers. C, Dysprosium lamp; R, red LEDs; B, blue LEDs; O, orange LEDs; G, green LEDs; RB, red and blue LEDs; RBG, red, 
blue and green LEDs. Different letters indicate significant differences at P<0.05 (n=3). 
 
 
 (Pn) (Table 1 and Figure 4a). Except monochromatic 
blue light, these effects of monochromatic lights on cherry 
tomato plants in this study have also been observed in 
other plants such as Dendranthema grandiflorum, 
Triticum aestivum, Capsicum annum, Acacia mangium 
and Cucumis sativus (Goins et al., 1997; McMahon et al., 
1991; Schuerger et al., 1997; Wang et al., 2009). Yu and 
Ong (2003) reported that Pn of plants under 
monochromatic light was lower than that under broad 
spectral light. Moreover, Kim et al. (2004b) and Matsuda 
et al. (2004) have observed that supplemented blue light 
with red light significantly increased Pn and promoted the 
growth. This result was consistent with our study in which 
plants under RB and RBG got strong and Pn was 
enhanced greatly compared with other treatments 
(Figures 2 and 4a). According to some workers, Pn 
reduced under monochromatic red, yellow and green light 
could be as a result of the narrow transmission peaks of 
monochromatic light, leading to an imbalance of photons 
available to PSI and PSII and thus, changing the ratio of 
cyclic to whole chain electron transport (Tennessen et al., 
1994). Moreover, utilization efficiency of photons from the 




narrow red, blue, and yellow regions of spectrum by 
plants for photosynthesis would be lower than that of full 
spectrum radiation (Sager et al., 1982). In agreement 
with this, our results show that there is a reduction of 
relative quantum efficiency of PSII photochemistry 
(ΦPSII) in plants after exposure to monochromatic 
wavelength lights (Table 4). However, it seems that Pn 
under blue light can be promoted or inhibited by different 
synergistic interactions between blue/red light receptors 
and phytochrome according to species (Kim et al., 
2004a). Blue light is well known to strongly influence the 
growth and development of higher plants. As described 
by Briggs and Huala (1999) and Lin (2000) about 
photomorphological responses mediated by blue light 
photoreceptors, blue light seems to participate in the 
photosynthetic acclimation in leaves irradiated during 
growth (Anderson et al., 1995; Senger and Bauer, 1987; 
Walters, 2005). Furthermore, according to Matsuda et al. 
(2008), blue light helps to boost the acclimation 
responses to energy partitioning in PSII and CO2 
assimilation due to high irradiance. The evidence as 
aforementioned seems to imply that photosynthesis and 
growth under blue light are better than those under white 
light in our experiment. 
On the other hand, Chl content is one of the most 
important factors to estimate Pn (Mao et al., 2007) and 
dry matter production (Ghosh et al., 2004). According to 
Naidu et al. (1984), suppression of photosynthesis is due 
to reduction of Chl levels, particularly Chla, which is 
directly involved in determination of photosynthetic 
activity (Sestak, 1996). Our experiment results are 
evidence of the former conclusion. The higher contents of 
Chla in leaves under RB and RBG seem to be relevant to 
the higher photosynthetic rates caused under these two 
LEDs such as RB and RBG (Table 3). Carotenoid is the 
auxiliary pigment of antenna Chls in chloroplasts and can 
help Chl to receive light energy (Zheng et al., 2008). Red 
light reduced the carotenoid content in callus of hyacinth 
plants (Anna and Alicja, 2001). The carotenoid content in 
leaves of lettuce plants under different light irradiations 
showed to be high in order of white, yellow, blue and red 
(Xu et al., 2007). In the present study, the carotenoid 
content of cherry tomato leaves under RBG was the 
highest, and that under RB, B, G and C showed no 
significant difference, while that under O and R was the 
lowest (Table 3). The difference between the result of Xu 
et al. (2007) and Table 3 may be due to qualitative and 
quantitative differences between various spectral irra-
diations and plant species.  
Light quality regulates carbohydrate of plants and 
affects growth of plant (Kowallik, 1982). Red light can 
promote the accumulation of carbohydrates (Zheng et al., 
2008). Zhang et al. (2010) indicated that red light is 
conducive to the accumulation of photosynthetic products 
of plants and that fresh weight, soluble sugar, starch and 
carbohydrates in tomato seedlings were significantly 





Pu et al. (2005) and Chu et al. (1999) were similar to 
Zhang et al. (2010). Zhang et al. (2010) also reported that 
supplement red light with blue light was more conducive 
to the accumulation of carbohydrates in lettuce seedlings. 
However, our results are not all consistent with Zhang et 
al. (2010). In our studies, content of soluble sugar in 
cherry tomato was higher under blue light than that of 
under red and combination of red and blue light (Table 3). 
This difference is probably related to different plant 
species and difference of light treatment. 
Light quality influenced Gs of plants, and then changed 
photosynthesis. Pn was controlled by stomatal or non- 
stomatal limitation factors. Positive correlation between 
Gs and Pn seems to be a criterion of photosynthesis by 
stomatal limitation. While Ci decreased up to a certain 
extent of PPFD due to indispensable conditions, and then 
increased, Ci is the most reliable criterion of photo-
synthesis by non-stomatal limitation (Xu, 1997). The Pn 





 together with Ci decline (Figure 3d). This phenol-
menon suggests that the change of Pn under RB, RBG 
and R is mainly probably caused by stomatal limitation 
and the change under C, G, B and O by non-stomatal 
limitation factors. Non-stomatal limitation factor is 
probably due to the decrease in the quantity of Rubisco 
(Wang et al., 2009). 
LCP and LSP are involved in the light energy ability of 
leaves and are even two key indicators of 
photosynthesis. Therefore, LCP and LSP will change 
under different conditions of the light environment. Under 
unsuitable conditions of the environment, the LCP and 
LSP seem to change frequently (Du et al., 2005). 
Different light conditions had an impact on the LCP and 
LSP of cherry tomato seedlings (Figure 4a and b). LSP of 
plants under R, RBG and RB was enhanced and that 
under G was suppressed, compared with the C treatment 
(Figure 4a). The result seems to induce the high light 
ability of cherry tomato plants under R, RBG and RB and 
the low ability of the plants under G. Furthermore, LCP of 
plants under RBG and RB was enhanced and that of R 
and B was somewhat enhanced. However, that under O 
and G was suppressed (Figure 4b). The result suggestes 
that light quality could influence LCP and LSP of cherry 
tomato, and LCP under LED would be lower than that 






In conclusion, for lower Chl level, Gs, ETR, ΦPSII and 
qP, monochromatic red, yellow and green light irra-
diations caused lower Pn which resulted in unfavorable 
growth of cherry tomato in roots, stems, leaves and dry 
mass, but RB and  RBG  light  irradiations  enhanced  the 
photosynthesis to  significantly  promote  the  growth  and 
development of cherry tomato seedlings. Besides, light 





different under the light source adopted in our experiment 
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